The study reports on major and trace elements as well as antioxidant properties of honey samples from Bangladesh. Four major cationic elements, seven trace elements, and three heavy metals were determined in the 12 honey samples using atomic absorption spectrophotometer. Nutritional values in these honey samples were further investigated according to their antioxidant properties. The content of major elements was in the range of 62. 75-616.58, 579.48-2219.43, 69.42-632.25, and 0.13-1.20 mg/kg for sodium, potassium, magnesium, and calcium, respectively. The trace elements varied in the range of 0. 41-28, 0.12-3.54, 1.54-2.85, 0.29-0.59, 0.02-0.35, and 0.01-0.06 mg/kg for iron, zinc, copper, nickel, cobalt, and cadmium, respectively. Among the heavy metals, only lead (0.17-2.19 mg/kg) was detected. The results of antioxidant analysis based on phenolics, flavonoids, ascorbic acid, reducing sugar, and proteins (as nonphenolic antioxidants) revealed that multifloral raw honey samples contain significantly higher levels of reducing agents than monofloral and commercial brand honeys. The study provides a useful insight on the minerals, heavy metals, and antioxidant properties of honey samples commonly consumed in Bangladesh and found to be rich source of antioxidants and minerals. Some samples might pose some risk to the health due to lead contamination.
Introduction
Honey is a sweet, sticky fluid with varying color (including yellowish-brown, amber, light amber, extra light amber, and dark amber) made by the bees and other insects from the flower nectar [1, 2] . It is one of the most complex foodstuffs, consists of at least 181 components, and is basically a concentrated solution of a complex mixture of sugars [3, 4] . According to honey quality and international regulatory standards, one of the most important criteria of honey quality is the mineral content along with its antioxidant potential [5] as it can influence the color and taste of honeys [6] . To date, 31 different minerals have been identified in different types of honey from various origins including all major minerals which are highly essential for human [7] . However,2 Journal of Chemistry been shown to confer significant protective effects against oxidative injuries of the liver, kidney, and rat myocardium with good antioxidant potential as previously reported [4, 13, 14] . The components in honey responsible for its antioxidant effects are phenolic acids, flavonoids, ascorbic acid, catalase, peroxidase, carotenoids, and products of Maillard reactions [15] . Honey also possesses significant antibacterial and antifungal activities [16, 17] . Moreover, honey has been shown to exhibit synergistic effects against certain multidrug resistance bacterial species especially when used with other bee products like propolis [17] . However, the quality and quantity of these bioactive components vary widely depending on the floral and geographical origin of the honey. Processing, handling, and storage of honey may influence its antioxidant composition [15, 18] .
Although different types of honey (generally categorized as monofloral and multifloral, raw, and commercial honey) have been widely consumed by the general public, there is a lack of comparative data to choose the best one. Therefore, our noble aim of this present study was to determine the mineral contents and toxic elements along with some basic antioxidant components of twelve samples of honey from Bangladesh.
Methods and Materials

Honey Samples.
Twelve honey samples were collected from several different geographical areas of Bangladesh ( Figure 1 ) between January 2012 and March 2014. Eight of the samples were raw honeys, while four were commercial honeys ( Table 1 ). The raw samples were collected directly from the comb as well as the local apiary by experienced honey collectors while the commercial honey samples were purchased from departmental store in Dhaka, Bangladesh. Among the eight raw honey samples, five were multifloral and three were monofloral as confirmed by the suppliers. As for the commercial honey, three were multifloral while one was monofloral. All samples were stored in glass flasks at low temperature (4 ∘ C) before analysis. All samples were analyzed within six months of collection.
Chemicals and Reagents.
Gallic acid, benzoic acid, catechin, 1,1-diphenyl-2-picrylhydrazyl (DPPH), and 2,4,6-tris(2-pyridyl)-1,3,5-triazine (TPTZ) were purchased from SigmaAldrich (St. Louis, Missouri, USA). All standards were purchased from Sigma-Aldrich Production, GmBH, Switzerland. All of the chemicals and reagents used in this study were of analytical grade.
Sample Digestion for the Mineral and Trace Element
Content. The major and trace elements in the honey samples were analyzed following the standard method [19] with slight modifications. Briefly, 2 g of each honey sample was digested with perchloric acid (HClO 4 ) and hydrochloric acid (HCl) in a ratio of 1 : 2 (V/V) on a hotplate (LMS1003, Daihan Labtech Corporation Ltd., Korea) to near dryness with the temperature controlled at 400 ∘ C. The sample containing volumetric flask was cooled at room temperature before the addition of deionized water to the mark on the flask.
For the measurement of sodium, potassium, and magnesium, 100-fold diluted samples were filtered using a nylon membrane filter (Whatman, 0.8 m pore size, 47 mm diameter) and preserved for the determination of mineral and trace element content.
Mineral Analysis.
In the present study, four major cationic elements, such as sodium (Na), potassium (K), calcium (Ca), and magnesium (Mg), and seven trace elements, including iron (Fe), zinc (Zn), copper (Cu), cadmium (Cd), molybdenum (Mo), cobalt (Co), and nickel (Ni), and three heavy metals, such as lead (Pb), mercury (Hg), and arsenic (As), were determined in the honey samples using an atomic absorption spectrophotometer (AA-7000, Shimadzu Corporation, Kyoto, Japan) coupled with an autosampler ASC 7000. Specifically, the element As was measured using the graphite furnace technique, and Hg was measured using cold vapor atomic absorption spectrometry; all of the other elements were measured using a direct absorption technique according to the standard guidelines of the manufacturer.
Instrumentation.
The major operating conditions that were used are presented in Table 2 . A blank solution was prepared under similar conditions, and the mean signal of the blank solution was subtracted from the analytical signals of the honey samples, as automatically performed by the instrument. Background correction (BCG) was performed using the BGC-D2 (D2 lamp method; high speed, dual frequency simultaneous measurement) method. The optimum analytical range was 0.5 to 1.0 absorbance units, with coefficients of variation that ranged between 0.05 and 0.40%. Determination was made on a dry weight basis for all of the samples. The results were calculated and expressed as mg/kg of honey.
Preparation of Standards and Calibration Curve.
The standard stock solutions of Na, K, Mg, Fe, Ca, Zn, Cu, Pb, Cd, As, Mo, Co, Ni, and Hg were prepared (1000 mg/L), and the amount of minerals in each sample type was calculated based on the slope of the standard curve, which was prepared as previously described [20] .
Quality Control and Quality
Assurance. The method was validated for accuracy and precision in accordance with the European Commission (EC) guidelines [21] . The accuracy was measured by analyzing and comparing the samples with measured values of known spiked samples. The precision was expressed as the relative standard deviation (RSD). The percentage recovery was calculated using the following formula:
Percentage recovery = [CE/CM × 100], where CE is the experimental concentration determined from the calibration curve and CM is the spiked concentration. The mean percentage recovery of the method ranged from 88.0% to 105.0%, while the mean precision ranged from 4% to 10%.
Antioxidant Properties.
The total polyphenol (TPP) content of the honey samples was estimated by spectrometric determination based on Folin-Ciocalteu's method [22] using a PD-303S spectrophotometer (APEL, Japan). The TPP content was determined in terms of gallic acid equivalents (GAEs) and expressed as mg of GAEs/kg of honey. The total flavonoid (TF) content was estimated using an aluminum chloride colorimetric assay [23] . The concentration of TF was determined by catechin equivalents (CEs) and the results were expressed as mg of CEs/kg of honey. The ascorbic acid (AA) content of the honey samples was estimated by a method that was previously established by Omaye et al. [24] . The AA content was expressed as mg of ascorbate equivalents (AEs) per g of honey. The reducing sugars content was estimated according to the Nelson-Somogyi method [25] . The reducing sugar content was expressed as g of D-glucose per 100 g of honey.
Total Protein Content.
The total protein content in the honey samples was estimated using Lowry's method [26] . The final results are expressed as mg bovine serum albumin (BSA) equivalents per g of honey.
Antioxidant Activity Analysis
DPPH Free Radical Scavenging Activity.
The percentage of antioxidant activity in each type of honey sample was assessed using a DPPH free radical assay. DPPH radical scavenging activity was measured based on an established method by Braca et al. [27] . DPPH scavenging activity is expressed as the concentration of sample that is required to scavenge DPPH and decrease the absorbance by 50% (SC 50 ). The value can be graphically determined by plotting the 
Statistical Analysis.
All of the experiments were performed in triplicate, and the results were expressed as the mean values ± standard deviation (SD). The SC 50 value was calculated by a regression analysis. The significant differences represented by the letters were obtained via a one-way analysis of variance (ANOVA) followed by Tukey's honestly significant difference (HSD) post hoc test ( < 0.05). The data were analyzed using SPSS (Statistical Packages for Social Science, version 22.0, IBM Corporation, New York, USA) and Microsoft Excel 2013 (Redmond, Washington, USA).
Results and Discussion
To the best of our knowledge, this investigation is the first to report mineral and trace element concentrations along with major phytochemical constituents of monofloral and multifloral origins from different geographical areas of Bangladesh. The data can be used to promote a more widespread use of best nutritious honey with special emphasis on its medicinal properties.
Mineral and Trace Elements.
A total of 14 elements were analyzed, with the most abundant being Na, K, Mg, Ca, Fe, Zn, Co, Cd, Ni, and Pb, all of which were detected in most of the honey samples. Toxic elements, such as As and Hg, and nontoxic Mo were not found in any of the samples. The results and statistical analyses of the major elements are shown in Table 3 .
Overall, the honey samples from Bangladesh had high Na levels. The average concentration of Na ranged between 62.75 and 616.58 mg/kg as compared to Na concentrations of honey from Saudi Arabia and Middle Anatolia and Western Anatolia, Turkey, which were reported to range between 15.69 and 26.93 mg/kg, 9.34 and 45.9 mg/kg, and 320.7 and 621.1 mg/kg, respectively [29] [30] [31] . Nevertheless, the mean value of Na in these samples was higher than the mean values reported for Turkey (117 mg/kg), Spain (99.7 mg/kg), and Italy (96 mg/kg) but lower than the samples from Egypt (378 mg/kg) [32] .
The results indicated that the honey samples from Bangladesh had high K levels, which ranged from 579.48 ± 1.33 to 2219.43 ± 4.68 mg/kg, (Table 3 ) with approximately 30% of the values exceeding 1000 mg/kg. Overall, the mean level was higher than those reported from Anatolia, Turkey (296 mg/kg) [33] , and the Latium region, Italy (472 mg/kg) [34] , but lower than honey from Egypt (1500 mg/kg) [32] .
The Mg level was also at a high concentration for most of the analyzed samples, ranging between 69.42 ± 0.38 and 632.25 ± 2.33 mg/kg. Generally, the levels are higher than those reported for Malaysian honey samples (21.83 to 199.33 mg/kg) [35] and Italian honey samples (22.2 to 159.0 mg/kg) [36] , with the mean value 177.90 mg/kg higher than honey from Argentina (23.38 mg/kg), Turkey (136 mg/kg), and Egypt (102 mg/kg) [32] . Nevertheless, the Ca level (mean level 0.73 mg/kg) of the investigated honey samples was significantly lower than that of honey samples from Argentina (56.35 mg/kg), Turkey (51 mg/kg), and Egypt (192 mg/kg) [32] .
In addition to having high Na, K, and Mg levels, the honey samples from Bangladesh also contained adequate amounts of other essential trace elements, including Fe, Zn, Cu, and Co, when compared to those previously reported in different countries. The Fe (mean: 4.10 mg/kg) and Zn (mean: 0.89 mg/kg) contents vary moderately with the different countries' honey samples, for Siena, Italy (mean Fe = 3.8 mg/kg and Zn = 2.5 mg/kg), for Latium, Italy (mean Fe = 4.5 mg/kg and Zn = 3.5 mg/kg), for Turkey (mean Fe = 6.6 mg/kg and Zn = 2.7 mg/kg), for Egypt (mean Journal of Chemistry Journal of Chemistry Cu was detected in all of the honey samples (ranging between 1.54 ± 0.08 and 2.85 ± 0.09 mg/kg), which is lower than that reported for honey samples from Croatia (36.0 to 42.1 mg/kg) [38] . For Co, low concentrations were detected in approximately 50% of the samples, ranging from 0.02 ± 0.00 to 0.35 ± 0.00 mg/kg, which is much lower than previously reported for Indian honey (1.22 mg/kg) [39] . Cd was detected in most of the analyzed samples, with concentrations ranging from 0.006 ± 0.001 to 0.06 ± 0.01 mg/kg. This value is also lower when compared to honey samples from Turkey (0.90 to 17.90 mg/kg) [40] . Ni and Pb were also detected in all of the investigated honey samples at values that ranged from 0.29 ± 0.00 to 0.59 ± 0.03 as well as 0.17 ± 0.01 to 2.19 ± 0.03 mg/kg, respectively. Meanwhile, the contents of trace elements in honeys from different regions of Turkey were in the range of 0.0026 to 0.0299 mg/kg (Ni) and 0.084-0.1058 mg/kg (Pb) [40] .
It is very important to analyze the content of heavy metals such as trace elements in honey samples because of their toxicity and because they can be transported through the root system into the nectar or to the surfaces of the leaves. Most importantly, As, Hg, and Mo were not detected in the investigated honey samples (Table 4) , which indicates that the honey samples from Bangladesh were not very affected by environmental contamination. In comparison, As was detected in some of the honey samples from Malaysia [35] .
Antioxidant Properties
Polyphenols.
Dietary polyphenols have received tremendous attention among nutritionists, food scientists, and consumers because of their high antioxidant capacity (free radical scavenging and metal chelating activities) [41] and their possible beneficial implications to human health, such as in the treatment and prevention of cancer, cardiovascular disease, neurodegenerative disease, and other diseases [42] [43] [44] .
Due to the variation in the botanical origin and storage time duration, the composition, appearance, and concentration of phenolic substances in different honey samples are variable [9, 45] . In our investigation, the polyphenol content ranged from 208.24 ± 4.24 GAEs mg/kg to 882 ± 0.00 GAEs mg/kg (Table 5 ). In comparison, in another study by Islam et al. [9] from Bangladesh on eight different honey samples, the TPP levels were lower, ranging between 152.4 and 688.5 mg of GAEs/kg.
Flavonoids.
Flavonoids are potent antioxidants, free radical scavengers, metal ion chelators, and inhibitors of lipid peroxidation [46] . In this study, all of the honey samples from Bangladesh had lower flavonoid content (mean 71.88 CEs mg/kg; range 9.52-124.40 mg of CEs/kg) ( Table 5 ) than phenolic content because flavonoids are a subclass of polyphenols. However, the flavonoid content of the Bangladesh samples was higher than those from other countries, such as from Malaysia (11.52-34.55 mg/kg) [12] , which indicates that the honey samples from Bangladesh have a good antioxidant potential.
Ascorbic Acid.
AA, an essential nutrient for humans and some other animals, is the most abundant soluble antioxidant found in plants as well [47] , and it directly interacts with a broad spectrum of reactive oxygen species (ROS). Following the interaction, the chain reaction that is initiated by free radicals is terminated via electron transfer; it is also involved in the regeneration of vitamin E [48] . In this study, the AA content of the samples was high (ranging between 0.25 ± 0.01 and 0.85 ± 0.05 mg/g). In comparison, the AA content of Portuguese, Nigerian, and Tualang honey samples was reported to be between 0.140 and 0.146 mg/g [49] , 0.18 and 0.25 mg/g, and 0.14 and 0.36 mg/g [50] , respectively. Among the samples analyzed, raw-multifloral honey of Sylhet region contained the highest level of AA while lower amount was reported in raw-monofloral honey from Dhaka and Sirajgonj regions as well as in commercial-multifloral honey of Khulna region. TPP is sensitive to phenols and [52, 53] . Although the specific proteins and enzymes were not measured, the higher protein content present in the honey samples from Bangladesh indicates a high presence of proteins and enzymes.
DPPH Free Radical Scavenging Activity.
The DPPH radical scavenging test is one of the fastest tests available to screen the antioxidant properties of any sample by investigating the overall hydrogen/electron-donating activity of single antioxidant, and it also indicates the content of the healthpromoting dietary antioxidant supplements [12, 54, 55] . There were significant differences among the honey samples in terms of their scavenging abilities (Table 3 ). The reasons behind the markedly variable radical scavenging capacity that is exhibited by different types of honey are probably due to their diverse botanical origins [12] . The SC 50 value of the honey samples was almost similar to the Malaysian honey samples, which ranged between 0.05 and 18.58 mg/mL [12] .
FRAP Values.
FRAP assay is a widely used method for determination of antioxidant potentials, because it directly gives an estimation of the antioxidants or reductants that are present in a sample and is based on the ability of the analyte to reduce the Fe 3+ /Fe 2+ pair [12] . Out of the 12 honey types, the highest FRAP value was found in sample H-5, which is a multifloral honey (857 ± 2.00 M Fe[II]/kg honey), while the lowest value was found in commercial honey H-12 (385 ± 1.01 M Fe[II]/kg honey) ( [56] . Overall, the honey samples from Bangladesh have high free scavenging activities as confirmed by their high FRAP values when compared to the honey samples from other countries.
Comparison within 12 Honey Samples from Bangladesh.
The twelve honey samples were classified into four classes, as follows: (a) raw-multifloral (RMF), (b) commercialmultifloral (CMF), (c) raw-monofloral (RMnF), and (d) commercial monofloral (CMnF). Our investigated data indicates that all of the classes of honey not only have adequate amounts of phytoconstituents but also have sufficient antioxidant activity.
Among the four classes of honey, the phytoconstituents and antioxidant activities varied moderately from one another. The phytoconstituents and antioxidant activities of these four classes of honey decreased in the following order: for TPP: RMF > CMnF > CMF > RMnF, for TF: CMnF > RMF > CMF> RMnF, for TP: CMF > CMnF > RMF > RMnF, for AA: RMF > CMF > CMnF > RMnF, for reducing sugar: CMF > CMnF > RMF > RMnF, for FRAP: CMnF > RMF > CMF > RMnF, and for DPPH: CMF > RMnF > RMF > CMnF.
Our study also indicates that natural multifloral honey samples contain high amounts of Na, K, Ca, Mg, and Zn compared with the other remaining three classes of honey but have low amounts of Fe. Fe was reported to be significantly higher in the CMnF class. Among the trace elements, As, Co, and Mo were totally absent in all four honey classes, while other elements were present in significantly lower amounts. Among the trace elements, Co, Pb, and Cd were present in lower amounts in the RMF class, and Co, Cu, Ni, Pb, and Cd were present in the highest amount in the CMF, CMnF, RMF, CMF, and CMF, respectively.
Finally, the findings on the four classes of honey samples from Bangladesh show that each class of honey has a good level of nutritional values because they have a high level of antioxidant activity and major elements and a significantly low amount of toxic heavy metals as well. Moreover, our study also reveals that the RMF and CMF classes contain a slightly higher nutritional value compared with the other two classes.
Conclusions
The findings of this study indicate that the raw-multifloral and commercial monofloral honey samples contained high amounts of antioxidants and essential minerals when compared with the raw-monofloral and commercial-multifloral honey samples. There were minimal contamination of the samples with toxic heavy metals like lead which might pose some risks to the health.
